The EMC effect: local nuclear dynamics or quark-gluon dynamics? 
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It has been recently confirmed that the magnitude of the EMC effect measured in electron deep 
inelastic scattering is linearly related to the Short Range Correlation scaling factor obtained from 
electron inclusive scattering. By using an effective nucleon mass approach we are able to understand 
the interplay between the quark-gluon and hadronic degrees of freedom in the discussion of the EMC 
effect. 
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Deep Inelastic Scattering (DIS) provides a tool for 
probing the quark momentum distribution in nucleons 
and in nuclei. Since the first indications that DIS struc- 
ture functions measured in charged-lepton scattering off 
nuclei differ significantly from those measured in isolated 
nucleons [l], [4] there has been a continuous interest in 
fully understanding the microscopic mechanism respon- 
sible for the so called EMC effect and how it affects the 
momentum distribution of quarks in nuclei. 

The experiment E03-103 at Jefferson Lab has provided 
precise measurements of the EMC effect at large x, in 
light nuclei, 3 He, 4 He, 9 Be and 12 C 3]. In Refs. 0- 
6j it was shown that the EMC effect is linearly related 
to the short-range correlation (SRC) scale factor that 
is obtained from electron inclusive scattering and which 
relates pairs of nucleons with high relative momentum 
and low center of mass momentum relative to the Fermi 
one. The SRC is related to nucleon-nucleon correlations 
and contain no explicit quark-gluon effects. They repre- 
sent the high momentum components of the nuclear wave 
function, which can be described in terms of nucleonic de- 
grees of freedom. They are responsible (in medium and 
heavy nuclei) for 60 % of the kinetic energy of nucleons 
in the nuclei 0]. 

Let us show the mentioned dependence of the EMC 
effect by plotting its slope versus the SRC scale factor 
a,2(A/d). In Fig. QJ, we show the overall fit using the 
data of columns 2, 4, 6, 7 and 8 of table I in Ref. Qj , 
which correspond to data from Refs. @, and [llj 
for a 2 {A/d), and Ref. @ for dR/dx. Note that, as was 



done in Ref. |8[, we have taken the data of Ref. [11 1 
excluding their correction for the center of mass motion 
of the SRC-pair. We obtain a reasonably good linear fit 
but discover that the high A nuclei lie almost all above, 
and the low A nuclei almost all below, the line. 



We proceed to fit two lines one for heavy and the other 
for light nuclei using 12 C as the dividing point as shown 
in Fig. [lb. The fits are now very precise and the slope 
of the straight line is steeper for heavy nuclei (slope = 
0.2255 ± 0.0744) than for light ones (0.0792 ± 0.0104). 
Therefore, we conclude that whatever physics governs 
these two observables has a drastic change around 12 C. 
Nevermind this result, the fact that the EMC effect might 
be explained in terms of purely hadronic physics, is a 
matter of thought. 

These developments moved us to reanalyze the data in 
terms of a formalism which had proven quite efficient in 
describing the EMC effect 12j, where the phenomenon 



was explained by introducing an effective mass for the 
nucleon in nuclei as the only free parameter to fit the 
ratio of nucleon structure functions in nuclei with respect 
to the deuteron. This formalism was shown to be related 
to x-rescaling and perturbative QCD 



13] 



Let us remember the tools used in the analysis of ex- 
perimental data in terms of the ir-rescaling [13| |. recall- 
ing that this approach is entirely equivalent to the Q 2 - 
rescaling mechanism [la ], A convolution model is used 
to account for Fermi smearing, as well as binding effects, 
and the Fermi momentum is taken from perturbative 
QCD. The effective nucleon mass is taken to be the only 
free parameter. The nuclear structure function reads 



AF 2 (x,Q 2 ) = r dzf A (z)Fl 

J Zl 



\x/Az,Q 2 ), (1) 



where F% is the free nucleon structure function and 
f A {z) is the standard distribution function, 
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FIG. 1. a) The EMC slopes extracted from Refs. Q versus the a2(A/d) parameters extracted from as described in Table 

I of Ref. b) The EMC slopes versus the effective mass parameter. The large-dashed straight line corresponds to light nuclei 
up to 12 C, the small-dashed one to the heavy nuclei from 12 C on. 
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FIG. 2. Ratio of the the Be to the deuteron structure func- 
tions versus x, the proton scaling variable. The solid line 
corresponds to r\ — 1.0125 in the formalism of Refs. p3, [H| . 



TABLE I. For the measured nuclei the value of the effective 
mass parameter rj — m* /m obtained by fitting the data of 
Ref. HH and use the pdfs of Ref. [16J with our formalism. 



A 


2 H 


3 He 


4 He 


9 Be 


12 C 


56 Fe 


197 Au 


V 


1.0000 


1.0040 


1.0115 


1.0125 


1.0160 


1.0255 


1.0330 



The limits of integration are = \ j r\ A^kp j mA. Here 
z is the fraction of the nucleus momentum carried by the 
nucleon, kp is the Fermi momentum and r\ = m/m* is 
the ratio of the free nucleon mass to the effective one, 
and remains as the only free parameter. The binding 
energy of a nucleon in the nucleus considered is simply 
e = m{X/ r] — 1). For the free nucleon structure function 
we have used the parametrization in Ref. 



The above formalism leads to fits of very good quality. 
We show in Fig. [2] an example of a standard fit for 9 Be 
corresponding to a value r\ = 1.0125 restricted to the x- 
region of present interest. Similar quality was obtained 



for all the nuclei considered. In Table Q] we summarize 
the values of rj obtained. 

In order to compare with the SRC proposal [Ej], we 
take the values of the measured EMC slopes they quote 
in their Table I, corresponding to the range 0.3 < x < 0.7. 
With these experimental data and the rj values obtained 
in the fit, we plot Fig. [3^ that also shows a linear depen- 
dence of the EMC slopes with the effective mass param- 
eter 77. 

We note in Fig. [3^ that some heavy and light nuclei 
are outside the linear fit and proceed to produce two 
independent linear relations, one for the light nuclei and 
one for the heavy nuclei as shown in Fig. Note that 
we could have done similar plots of dR/dx as a function 
of confinement scales R* /R [13h15| . 

We discover again that the physics associated with the 
heavy nuclei is different from that of the light nuclei. The 
effective mass seems to grow faster with A for th e lig ht 
nuclei than it does for the heavy nuclei. In Ref. [13j it 
was shown that there is a direct connection between the 
a>rescaling approach and the Q 2 -rescaling one [IB} based 
on perturbative QCD. This analysis based on the renor- 
malization group evolution is related to the perturbative 
quark-gluon structure of the nucleons [lij . 

Thus we arrive to an impasse, we find linear cor- 
relations between dR/dx both in the hadronic scheme 
with ci2(A/d), and in the quark-gluon scheme with r\. 
Both schemes are able to explain the EMC phenomenon 
(0.3 < x < 0.7) and therefore we can associate it either to 
the effect of the local nuclear environment as character- 
ized by the high momentum components of the nuclear 
wave function as well as, to the effective mass (as- 
scaling) through arguments based on perturbative QCD, 
but and this is important though the non perturbative 
effective mass parameter. 

Evidently as shown in Fig. |4] we obtain low and high 
A linear relations between the parameter 77 and the SRC 
scale factor a^^A/d), which implies that both treatments 
are related in an easy mathematical form. 
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FIG. 3. a) The EMC slopes extracted from Refs. H versus the effective mass parameter. b)The EMC slopes versus the effective 
mass parameter. The large-dashed straight line corresponds to nuclei up to 12 C, the small-dashed one to the heavy nuclei from 
12 C on. 
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FIG. 4. Short Range Correlation scale factor a2(A/d) versus 
the nucleon effective mass parameter r\. We see a low A (large- 
dashed) and a high A (small-dashed) linear relation. 



Is there a way of understanding this duality of treat- 
ments and its physical implications? Our point of view 
on the problem goes as follows. None of both treatments 
is purely QCD or hadronic. Both contain through their 
parametrization the other component. In the case of the 
x-scaling procedure the hadronic behavior arises through 
the fitting of the effective mass parameter, an in medium 
hadronic property. In the case of the SRC motivated re- 
lation one should recall Weinberg's theorem 



17] which 



implies that QCD in some kinematical regime can be un- 
derstood in terms of purely hadronic degrees of freedom. 
The quark-gluon behavior arises through the fitting of the 
dynamical constants. These treatments are both highly 
non additive. Fig. |4] shows a very strong variation of 
a2(A/d) with r\ for large A, which implies that hadronic 
effects are large for large A and therefore a hadronic 
treatment is best suited in this regime. On the contrary 
the slow growth at low A, implies that a QCD treatment 
is favored with some small hadronic dependence in the 
low A regime. The A dependence of the EMC contri- 
bution has been obtained in a microscopic treatment of 
the EMC effect which separates all the various compo- 



nents contributing to the process, i.e. nucleon structure, 
equivalent photon and the hadronic components [18[. In 
our treatment the various dependences are implicit. Note 
that their scaling variable is purely perturbative not like 
our effective mass which is non perturbative. A relation 
between both approaches would clarify some issues and 
provide the x dependence. We may speculate at this 
point based on preliminary calculations that the low A 
and low x (0.3 < x < 0.5) regime should be the best to 
see the x-scaling almost perturbative behavior. 

The linear correlation between the different parameters 
shown in here allows one to conclude that in hadronic lan- 
guage, as it was suggested in [3j, the nuclear dependence 
of the quark distributions are directly related to the local 
nuclear environment of the acted nucleon, and in terms 
of quark-gluon language the nucleons in the medium ac- 
quire an effective mass which is smaller than that in the 
vacuum. Both statements represent a dual view of the 
EMC effect. 
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